Six monosulfated triterpene glycosides, frondoside A 1 (1), okhotoside B 1 (2), okhotoside A 1 -1 (3), frondoside A (4), okhotoside A 2 -1 (5) and cucumarioside A 2 -5 (6), isolated from Cucumaria okhotensis Levin et Stepanov, stimulate spreading and lysosomal activity of mouse macrophages and ROS-formation in the macrophages. The highest macrophage spreading and stimulation of their lysosomal activity was induced by glycosides 1, 4 and 6. All glycosides similarly stimulate ROS formation in macrophages, but glycoside 2 caused minimal stimulation.
1 and 4 were also isolated from C. frondosa [11, 12] , and glycoside 6 from C. conicospermium [13] . Because the immunomodulatory action of frondoside А (4) has been studied previously [6] , we used it as a positive control. To study immunomodulatory activity we chose spreading and lysosomal activity of mouse macrophages, and the formation of reactive oxygen species (ROS) in them.
Macrophage adhesion onto an extracellular matrix, followed by their spreading, is necessary to follow their functional activity. These indexes reflect the initial stage of phagocytosis and macrophage ability for phagocytosis. It is accompanied by changes in macrophage geometric parameters, including cell area and perimeter. The cell may elongate and change shape because of the formation of lamellae and fillopodia [14, 15] .
All the studied glycosides induced an increase of all these indexes on the fourth day after intraperitoneal injection. Macrophages of mice administrated with frondoside A (4) had larger geometrical parameters and their shape was more differentiated because of an increase in spreading, elongation, and formation of lamellae and fillopodia compared with macrophages of mice from the control group. Almost all the studied glycosides induced statistically significant increases in cell area, perimeter, maximal chord and integral index of cell shape at an injection dose of 0.2 μg/mouse. Quantitative estimation of the influence of the glycosides on macrophage spreading is presented in Table  1 . The most effective glycosides were frondoside A 1 (1), frondoside А (4) and cucumarioside A 2 -5 (6). These substances activate spreading 2-2.5 fold greater than the control. Frondoside A was more active than frondoside А 1 and cucumarioside A 2 -5.
Lysomal activity is one of the important markers of physiological and biochemical macrophage status. Almost all the studied glycosides induced a statistically significant increase in lysosomal activity of peritoneal macrophages on the fourth day after a single intraperitoneal injection of 0.2 μg/mouse. The most effective glycosides were frondoside A 1 (1), frondoside A (4) and cucumarioside A 2 -5 (6) . These compounds activated lysosomal activity approximately1.5-2.5 times greater than that of control cells (Figure 2 ). The most active glycoside was frondoside A, whereas the activity of glycoside 6 was similar to that of glycoside 1. Almost all the studied glycosides induced statistically significant increases of ROS formation in peritoneal macrophages isolated from mice on the fourth day after a single intraperitoneal injection at a dose of 0.2 μg/mouse (Figure 3 ). All the glycosides activated lysosomal activity 1.3-1.8 folds greater than control cells. Okhotoside В 1 (2) showed minimal activity.
Hence all the studied monosulfated glycosides isolated from Cucumaria okhotensis showed immunostimulatory activity of mouse macrophages, as indicated by an increase in macrophage spreading, their lysosomal activity and ROS-formation. This indicates that C. okhotensis can be used as a source for immunostimulant preparations.
The activity of the studied glycosides was changed depending on their structure, but not significantly. Glycosides 4 and 5 having a fifth terminal monosacharide unit (xylose) were more active than their corresponding tetrasaccharide analogs 1 and 2. 
Experimental
Triterpene glycosides: The glycosides were isolated from Cucumaria okhotensis using common procedures of hydrophobic chromatography of the extracts on teflon powder Polichrom-1, followed by chromatography on a Si gel column and HPLC [8, 9] . Structures and purity of individual isolated frondoside А 1 (1), okhotoside B 1 (2), okhotoside A 1 -1 (3), frondoside A (4), okhotoside A 2 -1 (5) and cucumarioside A 2 -5 (6) were confirmed by 13 C NMR spectra [8, 9] . Individual substances were dissolved in sterile distilled water at a concentration of 1 mg/mL (initial concentration). Forty μL initial glycoside solution were added to 960 μL of distilled water to produce a solution of 40 μg/mL. Ten μL of this solution was added to 990 μL of distilled water to obtain the final concentration of 0.4 μg /mL. The final concentration was used for injection into mice.
Determination of immunomodulatory activity:
CBA mice (female, 20 g) were used for in vivo testing. The glycosides were intraperitoneally injected (0.5 mL of a glycoside solution in distilled water) at a final glycoside dose of 0.2 μg/mouse. The control mice were injected with distilled water. On the fourth day after injection the mice were killed by pervisceral dislocation and peritoneal macrophages were isolated by standard procedures. The estimation of immunomodulatory activity was carried out by staining and localization of lysosome in macrohages, determination of reactive oxygen species (ROS) formation in macrophages, and determination of macrophage spreading on an extracellular matrix. Molecular fluorescent probes followed by cell imaging analysis were used. Mice peritoneal liquor (250 μL) containing macrophages was placed onto a microscope cover slip and incubated for 1 h at 37 o C. After macrophage adhesion, the cover slip was washed twice with phosphate buffered saline (PBS, pH 7.5). Then 250 μL of a solution of the fluorescent probe was added to the cell monolayer in drops and the cells were incubated at 37 o С. To determine macrophage lysosomal activity, a solution of acridine orange (Calbiochem, 100 μg/mL in PBS) was applied and the cells were incubated for 30 min. To estimate ROS formation, a solution of dihydrorhodamine 123 (Sigma, 100 ηg/mL in PBS containing 0.5 mM of sodium azide) was used. The cells were incubated for 10 min. To estimate macrophage spreading, a solution of 5-carboxyfluorescein diacetate (Molecular Probes, 50 μg/mL in PBS) was applied. The cells were incubated for 60 min. The cell monolayer was washed twice with PBS. Cover slips were placed on the stage of a fluorescent scanning device composed on the base of an inverted microscope Axiovert 200 (Zeiss, Germany). A luminiscent 75 W Optosource xenon arc lamp and a DAC-controlled monochromator Optoscan (Cairn Research Ltd., UK) were used as light sources for inducing fluorescence at λex = 488 ηm; a HQ FITC filter-block (Chroma Technology Corp., USA) and Fluar 40×/1.3 oil objective lens (Zeiss, Germany) were used to visualize cell fluorescence. Cell fluorescence images were recorded using a Hamamatsu Orca-ER C4742-95 digital monochrome video camera (Hamamatsu Photonics K.K., Japan) and an IBMcompatible computer having a Fireware data interface.
